SUMMARY
INTRODUCTION
In the long term fertilization experiment in Látókép of UD, CAAEC, the effects of a 25-year-long fertilization were examined in calcareous chernozem soil. In a block fertilized (maize triculture) we studied the effects of different large doses of fertilizer on the physical, chemical and microbial properties of soil. We experienced that fertilization did not only change the pH and hydrolytic acidity of soil, but also the quantity of microbial groups and the activity of microbiological processes -due to soil acidification as a stress effect. This paper deals with the relevant results.
MATERIALS AND METHODS
The fertilization experiment was set up in Debrecen-Látókép, the eastern part of Hajdúsági löszhát, on calcareous chernozem [according to WRB 2006: Calcic Endofluvic Chernozem (Endosceletic) ] 27 years ago, in 1983. In this paper some physical, chemical and microbiological soil properties are presented in different fertilization treatments of maize triculture without irrigation, and the results reflect the stress stages of soil. (The treatments were as follows: 1. control (0), 2. small (N 60 P 45 K 45 ), 3. small-medium (N 120 P 90 K 90 ), 4. medium-large (N 180 P 135 K 135 ), and 5. large doses (N 240 P 180 K 180 ). The plant order of the triculture was maize-pea-winter wheat. Among the physical properties, the moisture content was measured by drying the soil at 105 o C, the silt and clay fractions were measured by settling method, the plasticity index was determined according to Arany. The pH of soil was measured in distilled water and 1M KCl, and the hydrolytic acidity according to Buzás (1988) . The organic carbon and nitrogen contents (TYURIN cit. FILEP, 1988) , the AL soluble phosphorus and potassium contents (GEREI, 1970) , and the nitrate content (FELFÖLDY, 1987) of soil were determined. The total numbers of bacteria (bouillon agar) and fungi (PGA) were measured by plate dilution method (Szegi, 1979) , the numbers of nitrifying and cellulose decomposing bacteria were measured according to the method for "the most probable germ number" (Pochon -Tardieux, 1962) . The measurement of phosphatase activity was carried out according to Krámer-Erdei (cit. Szegi, 1979) , and the activity of saccharase by the method of Frankenberger et al., (1983) . The catalase activity was measured by gasometrical method, while urease activity (Szegi, 1979) was based on the quantitative determination of ammonia which released from the urea. The dehydrogenase enzyme activity was measured by Mersi (1996) , when the INT (2-(p-iodophenyl)-3-(pnitrophenil)-5-phenil tetrazolium chloride) reduced to INTF (iodonitro-tetrazolium formazan).
Soil samples were taken twice (in July and September), the measurements were carried out in four repetitions, and the data were statistically evaluated by Microsoft Excel software.
RESULTS AND DISCUSSION
The effects of different treatments on the physical, chemical and microbiological properties of soil are shown in Tables 1-5. Among the physical properties (Table 1 ) the moisture content, the quantity of silt and clay fraction and the plasticity index were the most important ones examined. There were no significant differences between the treatments regarding these three soil parameters. The moisture content of soil was 17.58-19.82 % at the first sampling time, and between 20.19-21.96 % at the second sampling time. These moisture contents could be regarded as remarkable. The silt and clay contents in the treatments were between 50.48-56.44 %, and the Arany-type plasticity index was 37-39. According to the last two parameters the soil had loam texture. The increasing doses of fertilizers significantly decreased the pH H2O (from 6.43 to 5.74 in July and from 6.41 to 5.65 in September) in all treatments. The results are presented in Table 2 . The rate of decrease was in close correlation with the quantities of fertilizer applied. The regularly applied fertilizers decreased the pH by 0.69-0.76. In the case of pH KCl the figures revealed a similar tendency as with pH H2O , except for treatment 2. A significant reduction was measured between the treatments compared to the control. Due to the large doses of fertilizers regularly applied, the pH decreased by 0.52 and 0.68. It is very important to highlight that large differences were found between the two pH values. The differences ranged between 1.29-1.47, which implied that the measurement of hydrolytic acidity provided more information about the state of soil. The hydrolytic acidity increased significantly except for treatment 2. With the increasing doses of fertilizers the hydrolytic acidity also increased by the same ratio. Similar results had been obtained in earlier measurements, but the differences between the treatments had been smaller (Kátai, 2006) .
The nutrient stock of soil can be evaluated with the organic carbon, or rather the calculated humus content. In spite of the different treatments, there were no significant differences in the organic carbon contents (1.13-1.27 %). Regarding the AL-soluble phosphorus content, it was about 100 mg·kg -1 in the control, but it increased to 238 mg· kg -1 in the large dose treatment in July. The extent of the increase depended on the doses. In September some differences could be observed between the treatments, but smaller quantities of AL-phosphorus were measured (35.74-174.7 mg· kg -1 ). ). The NO 3 -N content of soil was relatively low (1.2-3.5 NO 3 -N mg·kg -1 ), but this value increased with the increasing doses. Based on our results, it is evident that -with the proper moisture content -the nutrient uptake of plants was tremendous between July and September. At the same time, the effects of the treatments were unambiguous (Table 3) .
The effects of the treatments on the quantity and ratio of soil bacteria and fungi, as well as on the quantity occurrences of nitrifying and cellulose decomposing bacteria are shown in Table 4 . The number of total bacteria decreased significantly in the treatments 3, 4 and 5, while the number of fungi increased significantly in treatments 4 and 5. The ratio of the quantities of bacteria and fungi changed dramatically. In the control it was 200, but with the large doses of fertilizers this ratio decreased to about 50. The decreasing number of cellulose decomposing bacteria was striking. Regarding the nitrifying bacteria, very few were found and later they disappeared from the soil because of the stress effect. This meant the "exhaustion stage". On the basis of our results from 1999 and 2000, a small scale stimulating effect was observed (Kátai, 2006) . Due to the regular and intense fertilization, the soil became acidified and its microbiological consequences were the increase in the number of microscopic fungi and the decrease of the number of nitrifying bacteria (Helmeczi et al., 1987; Khonje et al. 1989) . The large doses of fertilizers were not only able to decrease the number and activity of soil bacteria (Zvyagintsev, 1987) , but also the number of genus of soil fungi too (Kátai et al., 1983) . In the course of soil microbiological examinations a large number of soil bacteria (total bacteria, N 2 -fixing, nitrifying and cellulose decomposing bacteria) were observed in near-neutral and slightly alkaline pH, but fewer fungi (Zsuposné, 2007) . According to the data of literature and our other results the application of adequate quantity of lime can restore the soil biological balance .
Concerning the biological activity of soil, the phosphatase, urease, saccharase, catalase and dehydrogenase activities were determined. The activity of phosphatase was lower in July than in September. The enzyme activity increased compared to the control, but it was not accordance with the doses of fertilizer. Regarding urease activity, the results were unambiguous in the soil samples in July, but in September, the activity values increased simultaneously with the fertilizer doses. Concerning saccharase and catalase activities there was no remarkable difference between the results obtained at different times. Both enzymes' activities showed decreasing tendencies with the increasing doses of fertilizers. The dehydrogenase activity was higher in July, so it seemed that the increasing doses of fertilizers stimulated the activity. In September, the enzyme activities were lower and there were minor differences between the treatments.
On the whole, it can be stated that the effects of fertilizers were favourable to the activities of phosphatase, urease, and dehydrogenase, while with the increasing doses of fertilizers, the activities of saccharase and catalase gradually decreased. 
CONCLUSIONS
In a long term fertilization experiment in Látókép of UD, CAAES, the effects of a 25-year-long fertilization were examined in calcareous chernozem soil. In a block fertilized (maize triculture) we studied the effects of different fertilizer doses on the physical, chemical and microbial features. The results are as follows:
• The moisture content of soil was substantial at both sampling times. According to the silt and clay contents, as well as the Arany-type plasticity index, the soil had loam texture.
• Due to the increasing doses of fertilizers, the pH in distilled water and in 1 M KCl decreased significantly.
• Simultaneously, the hydrolytic acidity doubled in July and September too.
• Based on the results, it is evident that -with substantial moisture content -the nutrient uptake of plants was tremendous between July and September, which was proven by the smaller quantity of nutrients in the soil in September. At the same time the effects of the treatments were unambiguous.
• Due to the medium-large and large doses of fertilizers the number of soil bacteria decreased but the number of microscopic fungi increased. These changes can be proven by the bacteria-fungi ratio in soil.
• According to the results of the 25-year-long fertilization experiment, soil acidification had soil microbiological consequences as the manifestation of stress effect.
• The numbers of nitrifying and cellulose decomposing bacteria decreased by the effect of large doses of fertilizers. In the case of nitrifying bacteria the "resistant stage" changed into "exhaustion stage" by the stress effect.
• The effects of fertilization were positive on the activities of phosphatase, urease and dehydrogenase, but in contrast with it, the activities of saccharase and catalase showed decreasing tendencies with the increasing doses of fertilizers.
